Introduction
The chemistry of the phenylborates in aqueous, alkaline media received intense study as a result of the benzene releases from the In-Tank precipitation (ITP) facility. Current interest focuses on the tetraphenylborate decomposition intermediates including triphenylborane. Triphenylborane, quite soluble under these conditions, reacts rapidly in the presence of catalytic metals. High-Level Waste Engineering requested studies of the decomposition of triphenylborane under simulated waste tank chemistries to ascertain rate-limiting kinetic data.
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Page 4 of22 6 Crawford and Peterson originally studied the catalyzed decomposition of the tetraphenylborate intermediates. These studies used copper as the catalyst and provided rate expressions that suggested lower decomposition rates for 3PB than observed in Tank 48H. Hyder studied the role of oxygen in the decomposition of the intermediates. Hyder's data for 3PB decomposition indicated a possible acceleration of the rate under inert conditions. Therefore, Crawford et al. studied the decomposition of triphenylborane using copper as the catalyst under inerted conditions and observed a lower rate of decomposition than predicted based on Hyder's data. The highest observed decomposition rate observed for triphenylborane comes from a set of sodium tetraphenylborate decomposition experiments using the Enhanced Comprehensive Catalyst (ECC) in the presence of sodium and potassium tetraphenylborate solids.
This study used a statistically-designed set of experiments to determine the decomposition rates for triphenylborane as a function of ECC concentration, atmosphere (air or nitrogen), temperature, and hydroxide ion concentration. This data will aid in process modeling of the --
Experimental
Researchers studied the decomposition of triphenylborane in sodium hydroxide solutions containing the Enhanced Comprehensive Catalyst (ECC) utilizing a statistical design with the following variables listed in Table 1 and Table 2 .
-- Researchers added KOH to each reaction vessel and stirred for approximately 2 -3 days to allow for potassium precipitation. They then added liquid ECC components to complete the catalyst compositions. The catalyst included the full suite of species including palladium and diphenylmercury as listed in Table 3 . Vessels sealed in air according to the matrix were prepared in an identical manner.
Triphenylborane was added following a negative qualitative test performed for the presence of tetraphenylborate ion. A small aliquot of a saturated potassium chloride solution was added to the solution as the qualitative test for tetraphenylborate ion. Personnel removed samples after 30 minutes of stirring at room temperature to provide for the initial intermediate concentrations.
During this experiment, researchers filtered aliquots (4 mL) of the slurry using a 0.45 micron syringe filter to remove potassium tetraphenylborate solids. Analysis of filtered samples used High Performance Liquid Chromatography (HPLC) with routine quality assurance protocols. The experiments occurred at constant temperature. Personnel monitored the temperatures within the air space of the ovens to +3. "C using thermometers traceable to NIST standards. Temperatures were monitored by laboratory and operations personnel at least once per shift.
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The laboratory notebook, WSRC-NB-97-61, contains data collected in this investigation. Furthermore, data collected and procedures used in this study met requirements defined in the Task Technical Plan" and Task Quality Assurance Plan." Table 3 . Enhanced Comprehensive Catalyst --
HPLC Analysis Diflculties
These samples were prepared for HPLC analysis according to the Task Plan WSRC-TR-96-0364, Rev. 0. This protocol transfers 1 .O mL of sample by pipette into a 10 mL volumetric flask followed by the addition of 2.5 mL of potassium phosphate buffer solution. The analyst then dilutes with acetonitrile to a final volume of 10 mL mark. The mixture in the volumetric flask is W. R. Wilmarth, et ai.
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Page 7 of22 agitated for several minutes and then allowed to stand until separation between the aqueous layer and the acetonitrile layer occurs. The top acetonitrile layer is filtered through a 0.2 micron filter disk and then analyzed 'by HPLC.
Generally, the compounds (NaTPB, 3PB, 2PB, IPB, Phenol and biphenyl) prove stable in acetonitrile for at least 24 hours as evidenced by subsequent analysis of the same samples the next day. However, conflicting "time zero" and other irregularities caused the researchers to repeat analysis for several of these samples. In particular, this group of samples, upon standing for a minimum of one hour in acetonitrile, began to noticeably decompose when examined by HPLC. To correct this problem, analysts injected samples onto the HPLC column within 0.5 h of preparation (i.e., before significant decomposition could occur).
Experimental Results
The experiments examined the decomposition of triphenylborane using a statistical design. Tables 4 through 7 Personnel analyzed the concentrations of the triphenylborane as a function of time to derive pseudo-first order rate constants and determine the confidence of the effect of variables on the rate of decomposition using the Microsoft@ Excel data regression function.
Eflect of Atmosphere
Previous testtng does not provide a clear understanding of the effect of atmosphere in the decomposition of triphenylborane. Hyder7 showed that oxygen content in the salt solution had a significant affect on the rate of decomposition of the phenylborates. Triphenylborane was examined in three tests. In two of the tests, oxygen was not observed in the solution. These tests showed more decomposition of triphenylborane than the single test which contained oxygen in , the solution. Crawford and Peterson' followed with a set of tests under inerted conditions and observed a lower rate of triphenylborane decomposition:
These tests indicate that atmosphere can play a significant role. Tests prepared under a nitrogen atmosphere showed higher pseudo-first order rate constants than samples prepared under air as shown in Table 7 of Attachment 1. The current tests with inerted samples made every effort to maintain the slurry purged with nitrogen along with the headspace of the reaction vessel. Sparging of solutions used in preparing the simulant helped ensure lower concentrations of ~ oxygen in the solutions for the current study. Also, the design of the reaction vessel precluded leaks much better than the equipment used by Crawford?
Comparing the data from test series T5-Bl and T5-C1, as shown in Table 6 of Attachment I, provides evidence of the role of oxygen. Both series had iow levels of catalyst held at 55 "C.
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Test series T5-B1 and test series T5-C1 occurred in nitrogen and air, respectively. Test series T5-B1 decomposed readily from 1947 mg/L to 65 mg/L after 68 hours; whereas, test series T5-C1 decomposed from 1715 mg/L to only 1200 mg/L. This represents a reduction in the pseudofirst order rate constants from 0.050 h-* to 0.0053 h" for series T5-Bl and T5-C1, respectively.
The four test series design as the mid-point to the statistically-designed matrix should show the same effect of atmosphere. These test series include T5-Q and T5-R (of Table 7 ) along with T5-El and T5-F1 (of Table 6 ) with the former inerted and the latter in air in each series. Comparing test series T5-Q and T5-R shows in a 73 hour period that the air-sealed T5-Q series is slightly more reactive. The T5-Q tests lost 423 mg/L of triphenylborane; whereas , the T5-R series lost 31 1 mg/L of triphenylborane. Comparing the T5-El and T5-Fl test series, the nitrogen-inerted T5-Fl series showed more reaction in which a loss of 407 mg/L versus 358 mg/L for T5-El.
However, due to the slower rate of reaction at 40 "C and the problems associated with theanalysis of the first set of experiments (as described in the Experimental Section), the data does not confirm the effect of atmosphere on the decomposition of triphenylborane.
EHect of Catalyst Concentration
The effect of catalyst differs for the samples prepared in air or nitrogen. In air atmosphere, the decomposition rate varies with catalyst concentration to the power of 1.5 k 0.7. Comparing the T5-Al and T5-Cl data from Table 6 gives this value. The T5-Al test in air used a high level of catalyst; whereas, the T5-C1 test, also in air, had a low level of catalyst. The triphenylborane quickly decomposed in the A1 series from 1745 mg/L to 10 mg/L in 26.5 hours. Triphenylborane in the T5-C 1 series test decomposed more slowly from 17 15 mg/L to only 1200 mg/L after 6ghours.
The regressed data, however, does not show a catalyst concentration dependency in the inerted tests. This indicates sufficient catalyst at the 0 . 5~ level under inert conditions in the presence of tetraphenylborate solids. Examining the data from test series T5-Bl and T5-D1 shows this behavior. Test TSB1 contained a low level of catalyst, while test T5-D1 had a high level of .
catalyst. There does not appear to be any differencedo the rate of decomposition for the two experiments. Both tests lost approximately 1500-1700 mg/L in the course of 44.5 hours.
Eflect of Hydroxide Ion Concentration
We anticipated an increase in the decomposition rate for triphenylborane at higher hydroxide concentration. This effect is not evident by examination of the data. If one compares the decomposition data of test series T5-N and T5-P, the hydroxide ion concentration is 2.5 M and 0.5 M, respectively. Both samples were sealed under nitrogen and were conducted at 55 OC, and, as stated above, the catalyst concentration difference can be neglected. The pseudo-first order * W. R. Wilrnarth, et al.
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Page 9 o f 2 2 rate constants derived from the data are 0.06 h" for test series T5-N and 0.07 h-' for test series T5-P. Likewise, the rate constants derived from the similar test series T5-U and test series T5-X at 25 "C are 0.003 h-' and 0.002 h-', respectively. Table 8 contains pseudo-first order rate constants for the air and nitrogen systems derived from the regressed data. The regression gave activation energies of 59.88 k 27.73 kJ/mol and 99.1 1 k 20.14 kJ/mol for the air and nitrogen systems, respectively. Figure 5 plots this temperature dependence. Also, Figure 1 includes, for comparison, data previously obtained by Crawford in tetraphenylborate slurries' and copper catalyzed* reactions along with the data from Hyder's7 -filtrate testing.
Temperature Dependence
The rate constants derived from the data of the nitrogen system provide higher mlues than the constants from the air system. The data suggests that the slurry of Crawford's study became anoxic. Extrapolation of Crawford's data to lower temperatures shows a faster decomposition at 25 "C than observed by experiment. The data from the air and inerted experiments indicate that systems with ECC and tetraphenylborate solids prove more reactive than copper-solids or copper-filtrate systems. Additionally, the air system and the inerted system in the current tests bound the Tank 48H data.
Effect of Tetraphenylborate Solid
Previous work13 showed the presence of potassium tetraphenylborate or sodium tetraphenylborate solid can incsase the rate of decomposition of soluble sodium tetraphenylborate. Scant data exists that examines the role of the solids in the decomposition of triphenylborane; however, the highest rate of decomposition of triphenylborane occurred in a sodidpotassium tetraphenylborate slurry. Work by other researchers' in exploring the decomposition of triphenylborane in the absence of solid tetraphenylborate exhibited lower rates. This study indicated a rapid decomposition of triphenylborane in a 4 wt YO slurry. Hence, the combined * data suggests that the presence of precipitate allow decomposition of triphenylborane to accelerate as observed for tetraphenylborate.
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Conclusions
This work studied the decomposition of triphenylborane in a statistically-designed set of tests to determine the effects of four process variables: temperature, hydroxide concentration, catalyst concentration, and atmosphere. The results show two of the process variables are significant: temperature and atmosphere. The catalyst concentration only exhibits a statistically significant influence for triphenylborane decomposition in the presence of air.
The rate constants for the decomposition of triphenylborane in an inerted system exceed those for slurries in air but also show a higher activation energy. In the presence of air, the data suggests a lower activation energy with the rate constants at 25 "C overlapping the inerted system values. The actual role of oxygen in this system is not completely understood. For either system, the observed rate constants bound values estimated fiom Batch 1 in Tank Table 4 . Analytical Results from the 55 "C Tests Table 6 . Analytical Results from Additional Tests at 55 "C 
